In order to improve the availability of regional model precipitation forecast, this project intends to use the measured heavy rainfall data of dense automatic stations to carry out historical precipitation in the high resolution: the Severe Weather Automatic Nowcast System (SWAN) quantitative precipitation forecast and the High-Resolution Rapid Refresh (HRRR) regional numerical model precipitation forecast in short-term nowcasting aging. Based on the error analysis, the grid fusion technology is used to establish the measured rainfall, HRRR regional model precipitation forecast, and optical flow radar quantitative precipitation forecast (QPF) three-source fusion correction scheme, comprehensively integrate the revised forecasting effect, adjust the fusion correction parameters, establish an optimal correction plan, generate a frozen rolling update revised product based on measured dense data and short-term forecast, and put it into business operation, and perform real-time effect rolling test evaluation on the forecast product.
Introduction
The trend forecast of the development of severe weather system is the biggest difficulty of short-term forward forecasting. The model precipitation forecast becomes an important support for short-term precipitation forecasting business, but the model usually has "spin-up" problem (Long et al., 2014) . Therefore, it pitation Forecast (QPF) has a small error before 2 -3 h, but for a rapidly developing and weakened storm system, the forecast error will increase rapidly with time. The fusion method not only considers the accuracy of the radar QPF forecast in predicting the location of the precipitation system, but also considers the ability of the numerical model forecast to reflect the changes of the precipitation system, avoiding the limitations of the single method (Dong, 2018; Zhang et al., 2017; Tanessong et al., 2017) .
Because radar QPF and numerical precipitation forecast have their own strengths (Chen et al., 2004) , through the fusion technology, using the measured rainfall data and high spatial-temporal resolution radar quantitative precipitation forecast QPF to scan the model precipitation forecast, can be greatly improved. The accuracy of model precipitation forecast effectively compensates for the current shortage of such products. Therefore, the accuracy of precipitation forecasting also makes it play a greater role in weather forecasting, especially short-term temporary forecasting, which helps to improve meteorological disaster prevention and mitigation. At the same time, it also further improves the pertinence and practicality of flood control weather services (Sakijege et al., 2014; Kissi et al., 2015; Huang et al., 2011) .
Data Selection and Data Preprocessing
This paper selects the rainfall data of the automatic station in the dense area of Fujian Province, the SWAN radar reflectivity factor puzzle data (Fujian radar jigsaw network, radar model CINRAD/SA) and the reflectivity factor puzzle extrapolation forecast ZI relationship QPF data by China Meteorological Administration Provided by the Severe Weather Automatic Nowcast System (SWAN; Hu et al., 2011) . The time resolution of the product output is 6 min, the horizontal spatial resolution is 1 km × 1 km, the forecasting time of the extrapolated forecast data is 1h, and the horizontal spatial resolution is 3 km × 3 km hourly WRF mode precipitation product.
Quality control of automatic station rainfall data (Awadallah & Awadallah, 2013) , using "fast quality control" automatic station minute level data, detecting minute level rainfall large value points and using radar data cross-check or QPE correction to eliminate singular points. Time matching of radar QPF and mode precipitation forecasting and intra-provincial radar time synchronization problem: By synthesizing radar QPF precipitation in 6 minutes, it can match the hourly HRRR regional numerical model precipitation time, and the 6 radar time synchronization in the province can be controlled in 2 minutes. Spatial matching of radar QPF and model precipitation prediction: using objective analysis methods such as Cressman (Goerss & Jeffries, 1994) to downscale radar QPF.
Fusion Method Introduction
QPF of the SWAN, the optical flow method extrapolation forecast precipitation and the HRRR regional numerical model precipitation were respectively subjected to the precipitation TS score by 1 hour, 3 hours, and 6 hours in the immediate forecasting time. Equal point-to-point testing, as well as statistical analysis and evaluation of CSI index errors.
QPF Product Inspection Method
Pairing grid selection method for automatic station rainfall data and precipitation forecast: Firstly, the automatic station rainfall data and QPF data are tested according to the latitude and longitude consistency pairing test.
Specific inspection methods:
1) The closest method: select the grid point closest to the rainfall station as the center and expand to the surrounding 3 × 3 total of 9 grid points, take the grid point QPF value which is closest to the precipitation station live value, and check the error between the two; 2) 9-point averaging method: select the grid point closest to the rainfall station as the center and expand to the surrounding 3 × 3 total 9 grid points, take the 9-point average QPF value and the rainfall station precipitation actual value, and check the error between the two; 3) The QPF of the nearest point of the whole point, the QPF of the 9-point averaging method, the corresponding hourly rainfall data, the rain station name, and the station number generation text file are generated one file per hour.
According to the test results of the 2015 Swan Radar Precipitation Forecast QPF, it is found that there are some differences in the results of different weather systems, system change speeds and echo movement speeds. For the echo motion, the large stable precipitation with long duration, the radar QPF error is smaller, and it is generally smaller than the actual situation. For the convective system with uneven distribution of local development, the QPF error is relatively large compared with the actual precipitation. For a precipitation system with less stable position and less change in echo intensity, the QPF error is not large. Overall, QPF products are concentrated between the evaluation factor E(S) of 0.5 -1.4 and the error rate of 0.2 -0.65.
With the formula: 1) Evaluation factor:
2) Error rate:
where N is the number of precipitation stations participating in the assessment throughout the region, 
Comparative Analysis of Optical Flow Method Extrapolation Forecast and Practical Application of SWAN Forecast Products
Two convective process data were selected, and the radar combined reflectivity factor was extrapolated for 0 -2 hours by optical flow method, and compared with SWAN products (i.e. cross-correlation method).
Optical Flow Method Combined with Semi-Lagrangian Tracking Extrapolation Algorithm (Hereinafter Referred to as Optical Flow Method) Minute-Level Extrapolation Precipitation Prediction Method
The optical flow method is used to track the motion of the echo. For the fast convective precipitation weather process with fast change, the optical flow method can capture the motion vector, so it has obvious forecasting advantages.
Although the cross-correlation method is relatively ideal in a relatively flat stratified cloud precipitation system, the tracking failure in the strong convective weather will increase significantly, which will affect the final forecasting result.
Cross-correlation method used in SWAN business systems. The optical flow method can make up for the defects of the traditional cross-correlation method, improve the extrapolation effect of the convective echo, improve the prediction ability of the radar echo movement, and improve the performance of the convective nowcasting system.
The semi-Lagrangian scheme extrapolates the echo, which maintains the rotation of the echo and improves the echo prediction. Due to the large vorticity in typhoon and strong weather, the single motion trajectory has a certain rotation effect. In order to solve the linear extrapolation without considering the shortcomings of rotation, the semi-Lagrangian advection scheme is used to extrapolate the radar echo. forecasted. It can be seen that for the convection, the optical flow method is also more effective than the SWAN method. By combining the optical flow method and the Lagrangian extrapolation method, the radar echo is predicted and predicted. By comparison, it is found that the scheme is superior to the SWAN product and has obvious advantages in strength prediction. At the same time, the optical flow method is extrapolated and cross-correlated. There are limitations as well, that is, there is still a certain difficulty in short-term local consumption prediction, and it is necessary to introduce a model dynamic mechanism to influence the prediction scheme of improving echo cancellation. At present, the optical flow method is gradually used to extrapolate and forecast precipitation.
Comparative Analysis of Practical Applications

Grid Fusion Technology
Combining the advantages of two fusion technologies, dynamic weighting method and trend evolution superposition method (Yang et al., 2010) , a grid fusion technology is established. 1) Dynamic weight fusion method: The relative weights of radar QPF and numerical model output prediction values need to be adjusted with time. In the aging node, the radar QPF prediction value takes a larger weight, but with the extension of the forecasting time, the radar QPF The error increases, so the numerical forecast results are given a relatively large weight when the forecast period is long to prolong the timeliness and accuracy of the forecast. 2) Trend evolution superposition method: Calculate the quantitative trend of the convective system enhancement weakening of the numerical model prediction corresponding to the extrapolation time of each pixel point, and superimpose it with the radar QPF, so that the forecast result can better reflect the development trend of the convective system. In a certain area, find the development trend of the numerical model forecast rainfall in the extrapolation time corresponding to each grid point, quantify it, and then superimpose this quantification trend into the radar QPF forecast result. In the selected region, using the numerical model predicted from the actual t-time to predict the Journal of Geoscience and Environment Protection numerical prediction of the predicted time of ( ) 
Establishing a Grid Fusion Solution
Based on the above-mentioned precipitation prediction error test statistical evaluation results (Table 1) , it is determined that the radar QPF quantitative precipitation prediction error is smaller than the aging node of the model precipitation forecast, etc., using Doppler radar three-dimensional puzzle program, combined with Jianyang, Longyan, Xiamen, Changle, Sanming, Quanzhou 6 CINRAD/SA radar-based data, ground automatic station rainfall data and radar QPF precipitation products, using grid fusion technology, comprehensive error analysis results using error correction coefficient to determine the weight function, establishing measured rainfall, HRRR mode precipitation forecast, Radar QPF three-source fusion system correction scheme, output time resolution of 6 minutes, spatial resolution of 1 km × 1 km, time accumulation of 1 hour precipitation forecast products.
Establish an Optimal Correction Plan
Using the radar data optical flow method to extrapolate the minute scale, and cooperate with the rapid assimilation mode mesoscale numerical model HRRR of Fujian Province (the product as the environmental field, make full use of the advantages of both, and propose the dynamic weight fusion method to integrate the radar data with the numerical model product. Strong convective weather short-term nowcasting: The relative weight of the radar extrapolated QPF value and the numerical model's output forecast value needs to be adjusted with time. In a shorter forecasting time, the radar extrapolation method predicts a relatively 
The method of integrating rainfall is as follows: Combining various error analysis results, the error correction coefficient is used to determine the scheme, and based on the correction effect, the fusion parameters are continuously adjusted, and the preferred scheme is adopted to optimize the correction scheme. Furthermore, the forecasting products of precipitation rolling update based on measured dense data and short-term forecast are obtained. The system outputs objective precipitation forecast grid products and drop forecast products (contours, images, texts).
Precipitation Rolling Update Revised Forecast Product Inspection and Evaluation
After the real-time effect rolling inspection and evaluation of the precipitation rolling update correction products based on the measured dense data and the short-term forecasting is carried out, and the precipitation rolling update revised forecasting product is determined as the objective and optimal 1 -3 hour precipitation forecasting product.
Sliding Up Update Revised Forecast Product Inspection and Evaluation
The real-time effect rolling inspection and evaluation of the precipitation rolling correction products based on the measured dense data and the short-term forecasting is carried out, and the precipitation rolling revised forecasting product is determined as the objective and optimal 1 -3 Hour precipitation forecasting product.
Extrapolation of the radar extrapolation results at 14:00 on 15 June 2017 (Figure 3(b) ) and HRRR numerical model forecast results (Figure 3(b) ) and 1 hour live 1 hour precipitation (Figure 3(a) ) and condensed forecast rainfall ( Figure 3(d) ). It can be seen from the comparison that the radar extrapolation forecast is basically accurate in the precipitation area in the southern part of the province, but the estimation of rainfall is not very accurate, and the change of the central rain area and the rainfall amount is not predicted. The estimation of rainfall in the central part of our province is generally too large, and the forecast of the center position of the convective monomer is deviated from the actual situation. According to Figure 3(d) , the radar extrapolation and numerical model are combined to correct the rain area of the radar extrapolation forecast, and the rainfall is also corrected, reflecting the tendency of the convective system to weaken. Extrapolation of the radar extrapolation results from 16:00 on June 15, 2017 to 17 o'clock (Figure 4(b) ) and HRRR numerical model prediction results (Figure 4(c) ) and 1 hour live 1 hour precipitation (Figure 4(a) ) and convergent forecast rainfall (Figure 4(d) ) It can be seen that the live one-hour precipitation area is in the area of Longyan and Zhangzhou. The HRRR is reported to be above 50 mm, but the position is eastward. The fusion forecast and radar extrapolation are more consistent, but the 50 mm range It is too small, but for the precipitation in Ganzhou, the fusion forecast is closer to the reality. (Figure 5(a) ) and the combined forecast rainfall ( Figure 5(d) ). It can be seen that the live one-hour precipitation area is in the area of Longyan and Zhangzhou. The HRRR is reported to be above 50 mm, but the position is obviously large and the magnitude is also high. The fusion forecast and radar extrapolation More consistent, but the 10 mm range is closer to the live, the fusion forecast reflects the HRRR's heavy rain, but the extrapolation advantage reduces the scope of the heavy precipitation. Compared with the radar extrapolation and numerical model prediction, the predicted forecast results are closer to the actual situation, and the numerical model predicts the problem that the rain intensity is generally too large, and the deviation of the rain intensity center position is corrected.
Hourly TS Score
The following Figure 6 gives the various magnitudes of TS for the period of June 14-15, 2017. It can be seen that the fusion forecast is significantly better than the HRRR and extrapolation forecasts at various magnitudes below 7 mm, indicating that the fusion forecast effectively reduces the forecast bias of weak precipitation. The forecast between 7 -30 mm also maintains the optimal level of extrapolation and mode, combining the advantages of both, but the prediction effect of all members above 30 mm is not good, indicating that the fusion forecast is also limited by predictability. The process of pushing and mode cannot be reported, and the fusion cannot be predicted.
HRRR Model Forecasting, Optical Flow Extrapolation Forecasting and Fusion Product Predictable Test Evaluation
From the fusion product (blue line), WRF mode prediction (brown line) and optical flow method extrapolation forecast (light blue line) precipitation CSI with time curve (Figure 7 ) available: optical flow radar extrapolation forecast There is an advantage in 0 -2 hours, the fusion product is better than WRF mode prediction (brown line) and radar extrapolation forecast in 0 -6 hours, and over time, that is, over 6 hours, high resolution numerical prediction mode The advantages are becoming more and more apparent.
Conclusion
For the nowcasting around 0 -2 h, the fusion prediction effect is better than the Journal of Geoscience and Environment Protection scheme, the echo is extrapolated, the rotation of the echo is maintained, and the echo prediction effect is improved.
2) Grid fusion technology is established: combining the advantages of two fusion technologies, dynamic weighting method and trend evolution superposition method, a grid fusion technology is established.
3) Establish an optimal correction plan: based on the real-time effect rolling test to evaluate the correction effect, continuously adjust the fusion parameters, and adopt the preferred scheme to make the correction scheme optimal. Furthermore, the forecasting products of precipitation rolling update based on measured dense data and short-term forecast are obtained. The combination of radar extrapolation and numerical model corrections corrected the rain area of the radar extrapolation forecast, and the rainfall was also corrected, reflecting the tendency of the convective system to weaken.
4) High-resolution precipitation rolling update of revised products improves the availability of model precipitation forecast, and helps to improve the accuracy and refinement level of short-term monitoring and early warning; fusion technology extends the extrapolation time.
